In large-eddy simulations (LES) ij τ , the subgrid-scale (SGS) stress tensor, is defined as:
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where "~" represents spatial filtering at a scale ∆. ij τ must be modeled in terms of the resolved (filtered) velocity field. 1,2 Models may involve, among others, the filtered strain-rate ( ij S ) and filtered vorticity ( i ω ), defined as: These data can be used to measure the instantaneous spatial distribution of i ω , ij S and ij τ . In this paper we report surprising alignment trends between these tensors and vectors that could only be observed with 3-D data. New, more realistic turbulence models should strive to reproduce these geometric trends.
In our experiment, we use HPIV to measure the velocity Fig. 3(a) ]. The angle is calculated from the absolute value of the dot product between the vorticity vector and corresponding eigenvectors of the strain and stress. Since we use local coordinate systems aligned with the strain eigendirections whose orientations change from point to point, we do not distinguish between angles in the ranges of (0, π/2) and (π/2, π). In order to present unbiased results, we compute the joint pdf of the first angle and the cosine of the second angle. For these variables, random alignment corresponds to a uniform joint pdf. Figure 3(a) shows that in the present flow is preferentially aligned with s , confirming earlier observations at much lower Re.
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